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ABSTRACT 

We present observations at 250, 350, and 500 [im of the nearby galaxy cluster Abell 3 1 12 (z = 
0.075) carried out with BLAST, the Balloon-borne Large Aperture Submillimeter Telescope. 
Five cluster members are individually detected as bright submillimetre sources. Their far- 
infrared SEDs and optical colours identify them as normal star-forming galaxies of high mass, 
with globally evolved stellar populations. They all have (B — R) colours of 1.38 ± 0.08, 
transitional between the blue, active population and the red, evolved galaxies that dominate 
the cluster core. We stack to determine the mean submillimetre emission from all cluster 
members, which is determined to be 16.6±2.5, 6.1±1.9, and 1.5±1.3 mJy at 250, 350, and 
500 [im, respectively. Stacking analyses of the submillimetre emission of cluster members 
reveal trends in the mean far-infrared luminosity with respect to cluster-centric radius and 
i^g-band magnitude. We find that a large fraction of submillimetre emission comes from the 
boundary of the inner, virialized region of the cluster, at cluster-centric distances around i?5oo- 
Stacking also shows that the bulk of the submillimetre emission arises in intermediate-mass 
galaxies (L < L*), with Kg magnitude ~1 mag fainter than the giant ellipticals. The results 
and constraints obtained in this work will provide a useful reference for the forthcoming 
surveys to be conducted on galaxy clusters by Herschel. 

Key words: galaxies: clusters - galaxies : clusters : A3 1 12 - galaxies : evolution - galaxies 
: star formation - infrared : galaxies - submillimetre : galaxies 
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1 INTRODUCTION 

The evolution of cluster galaxies and their star-formation rates 
have been studied using several different approaches in the last 
few decades. Optical surveys have shown clear correlations be- 
tween galaxy colours and local galaxy density or cluster-centri c 
radius |presslenll980l : bressler et aD 1 19971 : iKodama et ail 1200 lh . 
Spectroscopic observations have consistently identified trends in 
the star-formation activity of clu ster galaxies, both as a function 
of cluster-centric d istance (e.g. IVerdugo. Ziegler. Gerkenl 120081 : 
iBragliaetal] 12009] a nd reference s therein) and at different red- 
shifts dPoggianti et alj|200l . l2009l) . Variation of the star-formation 
rate (SFR) and correlation with the local environment has also been 
inves tigated at different mass sc ales, from grou ps (Wilman et al. 
2008) to large superclusters dPorter & Ravchaudhurvl |2007|) . 
and also in relation to local large- scale filamentary structures 
l lBraglia et al.ll2007l ; |Porter et alj|2008h . 

Observations with IRAS and ISO provided a way to investi- 
gate the nature of dust and to correlate the SFRs of cluster galaxies 
with their dust content, albeit mostly covering the spectral regions 
dominated by warm (> 40 K) dust. While part of these studies was 
aim ed at detecting diffuse emission from warm intracluster dust 
(e.g.lStickel et al.ll998lJstickel et al.l2002l ; lMontier & Giarj20o3 ; 
iGiard et al. 2008), several results were also obtained with observa- 
tions of individual cluster members in several clusters. lEdgdbOOlh 
used combined IRAS, IRAM and JCMT observations to detect CO 
line emission from molecular gas in the central galaxies of a sam- 
ple of 16 cooling core galaxies. Tuffs et al. (2002) and Popescu et 
al. (2002a; 2002b) observed a large sample of galaxies in Virgo, 
findin g a dependence i n the dust content of galaxies with Hubble 
type. IPierini & M oller (2003) found that dust luminosity and mass 
depend on galaxy geometry and shape as well as stellar mass. 

Several recent 24 um observations with Spitzer-MIPS have 
detected dusty star-forming galaxies in intermediate- to high-z 
clusters. iGeach et alj (2006) find an increase of the total SFR 
in clusters with increasing redshift from Spitzer observations, al- 
though with large scatter. iBai et alj ( f2007l) investigate the IR prop- 
erties and the mid-IR luminosity function of cluster galaxies in 
a higher redshift cluster at z — 0.83, confirming the presence of 
evolut ion in the star-formation rate of cluster galaxies. Fad da et all 
( 2008) identify consistent overdensities of 24 um sources along 
two filaments between the clusters Abell 1770 and Abell 1 763 (z = 
0.23) with respect to the su rrounding field. Similar to IBai etHll 
d2007l) . lHaines et alj {2009a) confirm an excess of 24 urn sources 
in the cluster Abell 1758 at z = 0.28. lTran etal] d2009l) also com- 
pare the 24 um luminous members of a cluster, a supergroup and 
the field, concluding that the mid-IR inferred SFR is higher in the 
intermediate environment of the groups than in the field, while it 
is globally lower in the cluster. Local dependence of the density of 
24 um sources in clu sters is investigated in the LoCuSS survey by 
lHaines et a l. (2009b), who find a global decrease of star-forming 
systems with decreasing cluster-centric radius. 

Recently, IWardlow et all d2010l) have used the AzTEC cam- 
era to observe a field centred on the cluster MS045 1.6-0305 at 
z — 0.54, identifying two luminous infrared galaxies (LIRG) with 
a combined SFR of 100 Mq yr -1 . They suggest that, if these are 
indeed cluster members, they can be examples of a population of 
galaxies undergoing transformation to the red sequence through in- 
teraction with the cluster environment. 

All the studies presented have investigated the star-formation 
activity of cluster galaxies either in the mid-IR or at millimetre 
wavelengths. However, a complete characterization of the output 



of star-formation requires coverage of the 200-800 um spectral re- 
gion, where the peak of the far-IR emission is expected to lie. 

The Balloon-borne Large Aperture Submi llimeter Telescope 
(BLAST: |p"ascale et alfcOOlMDevlin et alj2009h is a pathfinder ex- 
periment to Zfer.sc/ie//SPIRE, and has provided the first maps of 
selected areas of the sky at 250, 350, and 500 um. These wave- 
lengths were mainly chosen to constrain the peak of the FIR emis- 
sion from galaxies at redshifts z > 1. Several studies carried out 
by the BLAST c ollaboration on extragalactic fields, either on in- 
dividual sources dDve et al.ll200^;lDunlop et al.ll2009l: I Ivison ct al. 
| 20ld). using stacking dDevlin et al.l |2009| ; iMarsden et alj 120091 
Pascale et al. 2009; Ivison et al. 2010), or other statistical analyses 
dPatanchon et al.ll2009l : IViero et a l. 2009), h ave been performed on 
blank -field maps. A few other studies dRex et al I200 9l: lwiebe et al.1 
2009) have been conducted on known targets. In particular, Rex 
et al. have provid ed the first sub-mm maps of the 'Bullet' cluster 
( Tuck eret alJI 19981) , investigating the nature of a bright sub-mm 
source identified as a counterpart of a lensed high-z star-forming 
galaxy. However, no direct investigation of sub-mm emission from 
cluster members has been conducted so far. 

We present here 250, 350, and 500 um observations of a field 
centred on the nearby cluster Abell 31 12 (z — 0.075; A31 12 here- 
after) carried out by BLAST, and the results of a combined analysis 
of the optical and sub-mm properties of a spectroscopic sample of 
its cluster members. These results demonstrate that observation of 
cluster galaxies at sub-mm wavelengths can provide insight into the 
star-formation activity in clusters and help understanding galaxy 
evolution within these overdense environments. 

This paper is organized as follows. Section [2] introduces the 
BLAST observations of A3 112 and the ancillary optical and near- 
IR data used for our study. Section[3]shows the results from stack- 
ing analyses of cluster member catalogues and the properties of 
sub-mm bright cluster members. These results are discussed in Sec- 
tion|4]and summarized in Section|5] 

Throughout the paper, we use a standard ACDM cosmology, 
where Q M = 0.3, «a = 0.7 and h = H /100 km s" 1 Mpc -1 = 
0.7. 



2 OBSERVATIONS AND DATA 
2.1 BLAST 

The BLAST stratospheric telescope has a 1.8-m primary mirror 
and three broad-band bolometer arrays that observe the sky si- 
multaneously at 250, 350, and 500 um. This array system is ef- 
fectively a prototype of the SPIRE instrument onboard the Her- 
schel satellite. The instrument beams are nearly diffraction-limited 
and are approximately described as Gaussians with full width at 
half maximum (FWHM) of 36, 42, and 60 arcsec at 250, 350, and 
500 um, respectively. For an extended description of the instru- 
ment, data analysis , and c alibration procedures, see IPascale et al.1 
d2008h : lTru"ch et alj I2009T) . 

A large fraction of the successful BLAST observational cam- 
paign of 2006 (BLAST06) from McMurdo Station, Antarctica, was 
dedicated to completing deep and wide blank-field extragalactic 
surveys (cf. Section QJ. Smaller fields centred on the positions 
of well-known ta rgets were also observed (e.g. iRex et all 120091 : 
IWiebe et alj|2009l) . Among those was al.l deg 2 field centred on 
the nearby cluster A3 112 at z = 0.075. This target was observed 
for a total time of 4.2 hr. 

The BLAST time-stream data were reduced using a common 
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pipel ine to identify spikes, correct detector time drift and calibrate 
data jPascale et al]|2008l : lTruch et alj |2009). Maps were generated 
using the SANEPIC software, which uses a maximum-likelihood 
algorithm to estimate the optimal s olution for the map, as well as 
producing an associated noise map iPatanchon et alj | 20 08). Abso- 
lute calibration is based on observations of the evolved star VY 
CMa and is estimated to be at the level of 10% (although s trongly 
correlated between the three bands; see Truch et "al] |2009l for de- 
tails). 

While the maps represent the optimal weighting of the data 
across all spatial scales, the largest scales are less constrained due 
to various systematic effects, particularly because of the lack of 
cross-linking in the scans of this particular field. This can produce 
residual large-scale fluctuating patterns across the map. To suppress 
these spurious signals, all maps have been filtered to remove fre- 
quencies contributing to the large-scale noise without affecting the 
sources, corresponding to scales in excess of about 10 arcmin (ap- 
proximately the size of the detector array projected on the sky). 
This proc edure, already used for the BLAST GOODS-S (BGS) 
maps (e.g. iDevlin et all2009ri also explicitly sets the mean of each 
map to zero. We obtain la noise values of 27.3, 21.3 and 15.6 mjy 
at 250, 350, and 500 |J.m, respectively, in the central 0.8 deg 2 of 
the observed field. This is an area comparable to the BGS-Deep 
map. An outer, shallower region of about 0.3 deg total area was 
also observed, albeit with higher noise: we calculate la map r.m.s. 
of 63.8, 58.6, and 39.0 mjy for this region. Due to the high noise 
of the wider area, we will only include it in the stacking analyses 
where it can be appropriately weighted; source extraction will only 
be performed in the deeper region, to ensure robust identifications. 

Analysis of the signal-to-noise maps shows that the observa- 
tions of A3 112 are not strongly dominated by confusion. The dis- 
tribution of signal-to-noise is well described by a Gaussian with 
a wing towards high positive values (due to bright sources in the 
maps), whose width only slightly exceeds pure instrumental noise. 
We evaluate the contribution of confusion to total measured noise, 
measured as <r con f /<r map , as 24%, 26%, and 29% at 250, 350, and 
500 urn, respectively. 

Individual BLAST sources are extracted from each map using 
a source-finding algorithm which identifies peaks in a smoothed 
map produced by convolving the flux density map, weighted by 
the inverse of the variance, with the point spread function (PSF) of 
BLAST. Peaks with a signal-to-noise ratio (SNR) of at least 3 were 
selected as sources, their flux then calculated as the value of the 
beam-convolved flux density map at th e position of the pe ak. The 
positional uncertainty is calculated as in llvison et aJfeOOTh. where 
we as sume the slope of the number counts from Patanchon et al.l 
(2009) and a minimum uncertainty of 5 arcsec is imposed, equal 
to the intrinsic pointing uncertainty of the instrument. The posi- 
tional uncertainty lies below 8, 9, and 13 arcsec for 5<r (or more) 
sources at 250, 350, and 500 urn, respectively. Sources at different 
w avelengths ar e assoc iated on the basis of their peak position, as 
in IDevlin et alj j2009h ; the source catalogues are provided in ap- 
pendix. 

We identify 86, 74 and 46 sources at 250, 350, and 500 \im, re- 
spectivel y, with SNR values in ex cess of 3 and up to 23. We use the 
results of IPatanchon et alj fe009l) to predict the number of sources 
expected for a blank field with the same area and depth of the 
A3112 observations. We find expected numbers of 37±J|, 22±™, 
and 20^17 sources at 250, 350, and 500 |j.m, respectively. Despite 
the relatively large errors on the predicted number counts, the num- 
ber of sources detected at 250 |J.m exceeds the expected number 
by a factor 2. The excess decreases at longer wavelengths, to be- 



come completely consistent with the expected counts at 500 |J.m. 
This suggests that the excess detected is mainly due to the presence 
of the cluster, whose population should be detected preferentially 
at 250 |J.m. 



2.1.1 Stacking 

Robust association of optical counterparts to BLAST sources is 
usually possible only for very robust detections and relies on a 
number of assumptions and on the use of ancillary data (cf. Sec- 
tion [T2j- Moreover, the map noise will prevent the detection of 
individual faint sources. It is nevertheless possible to obtain robust 
statistical information about the average BLAST flux density of a 
sample of counterparts by stacking the BLAST maps on a provided 
catalogue. This tech nique has been described in great detail by 
Marsden et al. (2009), and was successfully used to determine the 
intensity of the far-IR background (FIRB) using BLAST data in the 
BGS field jDevlin et alj|2009l ; iMarsden et afll2009l ; IPascale et all 
l2009h . Stacking will be applied in Sections OE1 and|3~5l 



2.2 Ancillary data 

BLAST data were combined with optical spectroscopy to identify 
cluster members based on their dynamical state, and UV to near-IR 
photometry used to characterize the cluster members on the basis 
of their photometric properties. This allows us to investigate the 
FIR star-formation activity of cluster galaxies together with their 
unobscured UV star-formation and classification from multi-band 
photometry. 

We collected spectroscopic redshifts in the field of A3 112 
from dedicated observations of the AAOmega S pectrometer on the 
Anglo- Australian Telescope (A AT). AAOmega ( Shar p et all2006l) 
is the new fiber-fed spectrograph for the 2dF robot fibre positioner. 
It has 392 fibers covering a total area of 2 deg 2 ; a dichroic allow 
continuous coverage of the spectral region from 3700-8800 A with 
a resolution \/8\ = 1300. Data were collected on November 24, 
2009 (Proposal ID A103, PI: FGB) for a total of 5.1 hours. Target 
selection was based on available photometry (see below) to select 
potential cluster members from optical and near-IR colours. 

Two instrumental setups allowed us to collect 683 spec- 
tra. Data reduction was performed using the standard AAOmega 
pipeline, 2dfdr, available on the AAOmega websitf} Redshifts 
were extracted using standard IRAF tasks and then checked indi- 
vidually. We obtained redshifts for 578 out of 683 spectra (a success 
rate of 87%), with 550 reliable non-stellar spectra. 

Additional spectroscopic redshifts in the field were col- 
lected from the NASA/IPAC Extragalactic Database (NED). Most 
of these are from th e Las Campanas Redshift Survey (LCRS, 
Shectman et al.|[l9 96) and from the Two Degree Field survey (2dF, 
Colless etalhooih . A otal of 188 redshifts were obtained for this 



field, with a redshift coverage from 0-0.22, from which we iden- 
tified 90 galaxies not covered by the AAOmega observations for a 
total of 640 redshifts within 0.8 degrees from the cluster centre. 

Optical photometry in the Harris B and R passbands is avail- 
able from dedicated observations of A3 112 carried out at the Las 
Campanas Observatory Swope Telescope within the Las Cam- 
panas/AAT Rich Cl uster Survey (LARCS: Ipimbblet et al]|200ll : 
|Pimbbletetaii r2002). These two filters cover the spectral region 
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from 3500 to 6800 A, which includes a number of important spec- 
tral features for galaxies at low redshift. In particular, the two 
filters bracket the 4000 A break for galaxies at the redshift of 
A3 11 2, thus providing a classification of galaxies with respect to 
their global, unobscured star-formation activity by means of the 
B — R co lour. Near-IR photome try was extracted from the 2MASS 
database dSkrutskie et alj 120061) . providing J, H, and Ks band 
photometry for all cluster members. We used the magnitude val- 
ues from the Extended Source Catalogue (XSC) where available; 
where the objects were not present in this catalog, the Point Source 
Catalogue (PSC) was used instead. Undetected galaxies were as- 
signed an upper magnitude limit consistent with the 2MASS lim- 
its. GALEX near- and far-UV photometry was obtained from the 
Nearby Galaxy Survey (NGS) in the GR4/5 data release. Where no 
significant UV flux was detected, we assigned an upper limit con- 
sistent with the NGS limits in the field of A3 112. All optical and 
near-IR magnitudes were converted to the AB system. 



3 RESULTS 

3.1 Cluster members and specific SFR 

Optical cluster members are identified using the technique pre- 
sented in lBiviano et alj ( f2006h . We identify 146 dynamically bound 
optical cluster members in the field observed with BLAST, scat- 
tered across the cluster area from its core to a maximum distance of 
3.4 ft -1 Mpc (at the cluster redshift). We derive a dynamical mass 
of (4.7 ± 0.6) x 10 14 M o within R 200 = 1.79 /iT 1 Mpc (R 2 oo is the 
radius where the overdensity of the cluster with respect to the cos- 
mic background density exceeds 200). This value a nd the cluster X- 
ray luminosity of 4.2 x 10 37 W (1.1 x 10 11 L Q ) teohringer et al.1 
l2004h identify A3 112 as an intermediate mass system. 

We fit the cluster red sequence (RS) in the (B — R) vs. 
Ks plane. This allows for galaxy classification to be carried out 
independently with respect to stellar mass (traced by the Ks mag- 
nitude) and to the unobscured star-formation activity (whose signa- 
ture can be identified in the B ~ R colour), thus minimizing any 
residual colour term in the colour-magnitude plane. We fit the RS 
through a recursive 3<7-clipping algorithm, which converges to the 
fit: 

RS(B-fl) =2.15 -0.04 x K s (1) 

Figure [2] shows the cluster colour-magnitude dia gram. We a ssume 
as a reference for K^ the valu^f] obtained by ICole et al.1 bOOlh 
(converted to the AB system) on a large sample of galaxies from 
2MASS. Out of the 146 identified cluster members, 99 lie along the 
RS, while 21 of them populate the colour- magnitude plane down- 
wards the RS (see Figure^. Interestingly, a similar number of clus- 
ter members (26) lie upwards the RS. These very red galaxies could 
in principle be either young and dusty or very old evolved galaxies 
whose dust reservoir is completely depleted. BLAST observations 
are a powerful tool to solve this degeneracy without the need for 
optical spectroscopy, since sub-mm emission is a direct probe of 
dust. 

We derive the unobscured SFR of each cluster member from 
GALEX broadband photometry, using the approach described by 



2 Kg is the characteristic Schechter magnitude, i.e. the magnitude of the 
high-luminosity cutoff in the power-law profile of the Schechter luminosity 
function of the cluster, calculated in the Ks band. 
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Figure 2. Cluster members in the (B — R) vs. Ks plane. The dashed line 
shows the fit of the RS with 3cr limits shown by dotted lines. Yellow di- 
amonds mark the galaxies along the RS, blue stars the blue star-forming 
galaxies. Objects redder than the RS are shown as red crosses. The black 
boxes mark the position of cluster members identified as BLAST counter- 
parts (Sections l3.2H3.3i . The vertical dotted-dashed line marks the value of 
Kg , as defined in the text. 

ISchirninovich et al] d2005l) . On average, cluster galaxies have neg- 
ligible or very small (< 1 Mq yr _1 ) SFRs. However, 15 clus- 
ter members (i.e. about 9% of our sample) show moderate SFRs 
(>5M Q yr" 1 ). 

We also calculate the stellar mass of cluster members from 
Ks ph otometry using the same recipe provided by lArnouts et al.l 
(2007). We assume the relation for active/blue galaxies (parameter 
set 1 in Arnouts et al. 2007) for galaxies below the RS, and the 
relation for quiescent/red galaxies for (parameter set 2) for galaxies 
along and above the RS. We obtain stellar masses across two orders 
of magnitude, from 7 x 10 s Mq for the smallest galaxies in our 
sample, to 1.8 x 10 10 Mq for the central galaxy. 

We stack the BLAST flux density maps on the cluster mem- 
bers catalogue to assess the mean flux density in the 3 BLAST 
bands. We obtain stacked values of 16.6±2.5, 6.1±1.9, and 
1.5±1.3 mjy at 250, 350, and 500 [im, respectively. This converts 
to a mean SFR of 0.4 Mq yr~ 1 per cluster member and a total SFR 
of 58.4 Mq yr - 1 for the whole sample of cluster members. We thus 
calculate a specific SFR, ESFR = SFR to 7(Md y n/lO 14 M ) = 
12.4 ± 3 .4 yr" 1 . This is in v ery good agreemen t with the relation 
fou nd bvlCowie et alj d2004h (Figure [3] cf. also lGeach et~ai]|2006l 
and lHaines et alj2009bl) ~ 

3.2 Individual sources 

Far-infrared spectral energy distributions (SEDs hereafter) have 
been fit to cluster members identified as BLAST counterparts, to 
help identify their nature. The direct association of optical objects 
with sub-mm sources is usually far from trivial, mainly due to the 
large beam size in the sub-mm. Ideally, radio observations would 
be required to pin point the precise position to be ma tched with 
optical catalogues dPveet all [2009; Ivison et al. However, 
we notice that in the field of A3 112, in each case that a robust 
(^ 5a) 250 [im source is detected, an optical cluster member is 
present within l-er of the positional uncertainty from the source 
peak. Moreover, these BLAST sources are all found to be brighter 
at 250 [im than at 350 or 500 (im, suggesting that they originate 
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Figure 1. BLAST total signal-to-noise map of A3112. The circle marks i?200 = l-79 Mpc (as calculated from cluster members dynamics, cf. Section lTTY The 
boxes mark the position of BLAST sources identified as cluster members (Section [3.2t . The cross marks the position of the brightest cluster galaxy and the 
cluster centre. The distance scale is calculated at the cluster redshift of 0.075. 
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Figure 3. The position of A3 112 ( black circle) i n the SSF R vs. z plane 
Open c ircles are data points from iGeach et alj ( 2006) and [Hainese^al 



|2009bl) ; the dotted line shows the evolutionary model of lCowieeTal 



12004). A3112 agrees closely with the relation found for the evolution of 
the SFR with redshift. 



from low-redshift galaxies. As shown later in Section [3T2l these 
sources are found to have low temperatures (T < 20 K), con- 
sistent with being quiescent star-formers at the cluster redshift. 
Moreover, for these sources a single counterpart is usually detected 
within the positional uncertainty, ruling out the presence of other 
low-z galaxies not associated to the cluster that could contribute 
to the sub-mm signal. We thus conclude that for the scopes of 
this work, when these criteria are met (i.e. robust detection of a 
250- [im BLAST source and presence of a single optical counter- 



part within the positional uncertainty), association of optical clus- 
ter members to BLAST sources can be considered robust. In ad- 
dition to 5a detections at 250 pm, we also include sources with a 
> 4(j detection both at 250 and 350 [im, to increase the number of 
confirmed counterparts while still maintaining a criterion of robust- 
ness. We thus select five galaxies, shown in Figure[4]and whose data 
appear in Table 1. Of the five selected galaxies, BLAST J03 1700- 
441605 is also the IRAS source IRAS 03152^1427. Several other 
galaxies are in good positional match with BLAST sources, how- 
ever they are either not robustly detected (i.e. < 4<r) at BLAST 
wavelengths, not cluster members or missing a spectroscopic red- 
shift altogether. We do not include these galaxies in our analysis to 
avoid biasing our results. 

SEDs are fitted using the same method explained and used in 
IChapin et al1 ( l2008l) . taking into account filter response curves, cal- 
ibration uncertain ties and correlations between the BLAST maps 
(Truchetal . 2009). Since we have only a modest range of FIR/sub- 
mm wavelengths (the three BLAST bands), we do not fit the dust 
emissivity index /3 (i.e. the slope of the mod ified blackbody); in - 
stead we fix it to 2, according to the results of lWiebe et al.1 (2009). 
FIR luminosit y and dust m ass are derived from the SED, and we use 
the relation bv lBeiil ( l2003l) to derive the star-formation rate from the 
FIR luminosity. 

For IRAS 03152-4427, data at 60 and 100 yim are also ay ail- 
able from the IRAS Faint Source catalogue (Mos hiretal.lll990l) . In 
particular, 100 (im data allow for better constraints on the shape of 
the far-IR SED (the 60 p.m point already samples the warm dust 
emission and is not suitable to fit a single-component SED). We 
find for IRAS 03152-4427 a best-fit temperature T = (23.4 ± 
0.8) K, a total far-infrared (FIR) luminosity of (1.2 ± 0.1) x 
10 11 L Q , a cold dust mass of (1.7 ± 0.1) x 10 s M Q and an SFR 
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Figure 4. The five cluster members identified as counterparts to 250 \mi sources. The background images are cutouts from the DSS digitized plates. Boxes 
mark the position of cluster members, contours show 250 \im emission above a threshold of 3cr ( 82 mJy at 250 |j.m). The circle in the lower right corner shows 
the BLAST 250-|j.m beam size (36 arcsec FWHM). The distance scale is calculated at the cluster redshift. The galaxy on the upper left panel is also an IRAS 
source (IRAS 03152^1427). 
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Table 1. Flux densities (in mJy) at 250, 350, and 500 |j.m for the cluster members identified as counterparts to 250 |j.m sources. An asterisk (*) denotes a 3<r 
upper limit. 



Source Sioo 


<5Sioo 


S250 


<5S 2 so 


S350 


5S350 


S500 




BLAST J03 1700-44 1605 960 


125 


665 


29 


245 


22 


79 


16 


BLAST J031721^140854 




114 


28 


113 


22 


64 


15 


BLAST J031829^141 138 




181 


28 


94 


21 


54 


15 


BLAST J031844-441044 




195 


28 


106 


21 


63 


16 


BLAST J03193O441512 




195 


34 


64* 




46 s 





of (20.2±1.9) M Q yr" 1 . This source is thus identified as a lumi- 
nous infrared galaxy (LIRG) with moderate star-formation. If the 
SFR derived from the UV (19.4±0.2 M yr _1 , cf. Sectionl2~2ll is 
added, we obtain a total SFR of (39.6±2.0) M Q yr~\ still a typical 
value for LIRGs. 

Although other BLAST counterparts lack shorter wavelength 
data, we use the results from IRAS 03152-4427 as an upper value 
on their possible luminosity and temperature to help the fitting 
procedure. We find that the typical cluster members detected at 
BLAST wavelengths have temperatures of order of 15 K, FIR lu- 
minosities of order of 10 10 Lq and dust masses around 10 8 Mq . 
Their SFR amounts to a few (< 3) solar masses per year (a few 
more if the SFR from the UV is also taken into account). Table 2 
shows the results of the fit for all selected cluster members, includ- 
ing the derived SFRs and dust mass. Our results show that typical 
BLAST sources in A3 1 12 are mostly normal star-forming galaxies 
with low star-formation rates. Fainter sub-mm sources in the clus- 
ter are expected to show even lower star-formation activity than the 
galaxies studied here. 

Compa rison with previous r esults (e.g. the ISO observations 
of Virgo by IPopescu et alj|2002h shows that the dust masses are 
consistent with other observations; our galaxies have dust masses 
typical of large early-type spirals. This is in agreement with the 
bright magnitude of these systems, with their optical colours (cf. 
Section [3~3l l. and with their disc-like optical appearance (Figure[4]l. 



3.2.1 Far-infrared emission from the BCG 

The brightest cluster galaxy (BCG) in A3 112 exhibits strong 
optical line emission and a powerful radio sourc e. It was tar- 
eted with Spitzer IRAC and MIPS observations bv lOuillen et al.l 
2008), who find a weak MIR excess at 24 (j.m. They derive an in- 
frared lumi nosity of 2.2 xlO 1 Lq which equates to an SFR of 4 
M yr _1 dO'Dea et al ll2008b - 

The BLAST results are at face value inconsistent with this 
SFR, with a 2a detection at 250 [im of 57±28 mJy and upper lim- 
its of 64 and 46 mJy at 350 and 500 [im (assuming three times the 
map r.m.s.). This translates to an upper limit of 3.1 xlO 9 Lq for 
the FIR luminosity and 0.6 Mq yr _1 for the SFR. However, the 
Spitzer and BLAST luminosities are derived using different meth- 
ods and the Spifzer-derived value is potentially over-estimated due 
to the MIR contribution of a n AGN. The presence of an AGN is 
consistent with the results of Takiza wa et alj d2003l) . who find an 
X-ray point source coincident with the core of the BCG and an 
X-ray excess associated with radio lobes. Spectral analysis identi- 
fied a power-law component with index 1.9, which confirms this 
galaxy to host a n AGN . The X-ray excess is also explained by 
iBonamente et al.l d2007l) in terms of relativistic electrons acceler- 
ated by a central source. The BLAST limit is at the lower end of 
the SFR values found both bv lO'Dea etal] d2008h and by us with 



the UV detection of the BCG by GALEX (1.5 Mq yr , cf. Sec- 
tion l3.lt , which is also likely to be contaminated by the signature 
of the AGN. 



3.3 BLAST sources along the colour-magnitude diagram 

The cluster colour-magnitude (CM) diagram enables us to select 
galaxies with respect to their overall unobscured star-formation ac- 
tivity. As already pointed out in Sect. 13.11 a large number of objects 
lie on the cluster RS, identifying them as passively evolving el- 
lipticals. Moreover, we find the region redwards of the RS to be 
populated by 26 galaxies (i.e., 18% of the optical sample) showing 
colours about 0.1-0.2 magnitudes redder than the RS. The combi- 
nation of BLAST with optical and near-IR data can help in under- 
standing the nature of these systems. 

We thus stack the three sub-catalogues of blue galaxies (21 
objects below the RS), RS galaxies (99 objects) and very red galax- 
ies (26 objects redder than the RS). We then derive the mean 
star-formation rate from the FIR luminosity, as in Section 13.21 
The results are presented in Table 3, showing that the majority of 
the stacked sub-mm emission from our cluster member catalogue 
comes from optically blue (i.e. star-forming) galaxies. The bulk of 
their emission is clearly detected at 250 pm. On the other hand, RS 
galaxies show no significant emission in any BLAST band, con- 
firming these systems as largely evolved, dust-free galaxies; con- 
sistently, their derived SFR is negligible. The very red galaxies also 
show little sub-mm emission, mostly consistent with zero, although 
with large error bars. The inferred SFR is therefore also very low. 
This suggests that this population is overall depleted of cold dust. 

Additional information about the very red galaxies can be in- 
ferred from the comparison of their optical and near-IR properties. 
We find that the (J-Ks) colour of these galaxies is largely consis- 
tent with the colour of the RS in the (J-Ks) vs. Ks plane, con- 
firming these galaxies to have an old stellar population typical of 
RS galaxies. Moreover, most of them are found in the central re- 
gions of the cluster, where very few young dusty galaxies are ex- 
pected on average for a non-merging, relaxed cluster like A3 112. 
This suggests that the observed red optical colour could arise from 
other factors than isotropic dust reddening. 

Several authors in the recent past have shown, using both ra- 
diative transfer models dPierini & Moll er 2003 ; Pierini et alj|2004l) 
and observational data (e.g. iDriver et alj|2007l) . that depending on 
galaxy geometr y and orientation, more or less severe red dening 
can arise. Both Ipierini et alj d2004l) and IDriver et al.l d2007l) show 
that attenuation is largely dependent on observed wavebands, with 
stronger effects in the bluer bands. A strong contribution is also due 
to galaxy morphology, the bulge-to-disc ratio playing an important 
role in determining the overall effect on the observed colours. For 
intermediate inclination angles (i < 60), the ratio of the colour 
terms E(B — V)/E(J — K) is higher for discs than for bulges. 
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Table 2. Result of the fit to the SEDs of the cluster members identified as counterparts to 250 urn sources. The first object is IRAS 03152^1427, whose fit also 
includes an IRAS data point at 100 i^m. Fits for the remaining objects use only BLAST data points. T is in K; L FIR in units of 10 10 L ; SFRs in M yr _1 ; 
M D in units of 10 s M©. 



Source T L FTR SFR P tr SFR F tr+uv M D 



BLAST J03 1700-44 1605 


23.4 


12.0 


20.2 


39.7 


1.7 


BLAST J031721^140854 


11.2 


1.0 


1.0 


2.0 


7.7 


BLAST J031829-441138 


15.8 


1.7 


2.5 


8.8 


2.1 


BLAST J031844-441044 


15.1 


1.6 


2.3 


7.0 


2.7 


BLAST J031930-441512 


17.3 


1.6 


2.4 


9.1 


1.7 
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Figure 5. The far-IR SEDs of the five cluster members identified as counterparts to 250 uin sources. The solid line shows the best fit to the SED, the dashed 
lines mark the lcr error intervals obtained using a standard Monte Carlo sampling of the parameter space. 
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Discs also show overall lower colour terms, regardless of the struc- 
ture of interstellar dust. 

The geometrical parameters derived from SExtractor (namely, 
the semimajor axis, a, and semiminor axis, b, of the largest ellip- 
soidal isophote encircling the galaxy) can be used to roughly esti- 
mate the inclination angle of the galaxy along the line of sight (if 
the observed galaxy is approximated as a disc of radius R — a, 
the inclination angle along the line of sight can be expressed as 
#ios = (90°/27r)acos(6/a)). We find that the very red galaxies 
all have inclination angles between 30° and 60°. This suggests that 
these galaxies could appear reddened by superposition of a possibly 
thick disc over a relatively small bulge. In this case, the expected 
attenuation coefficient is almost negligible in the near-IR, while it 
can range from 0.2 to about 0.5 in the B band. We thus interpret the 
very red galaxies as discs with an overall evolved stellar population 
(i.e. belonging to the RS) and relatively low dust content, which 
are preferentially reddened because of their inclination. Following 
this, we stack the sub-mm maps on the combined catalogue of red 
and RS galaxies, considering them as a single population. We see 
that the addition of very red galaxies results in a mean SED consis- 
tent with that from RS galaxies. Results of stacking are reported in 
Table 3. 

To better characterize the nature of the optical counterparts to 
the bright BLAST sources, we investigate their location in the CM 
diagram and their optical colours. Fig. [2] shows the position in the 
CM diagram of the cluster members identified as BLAST coun- 
terparts. These five galaxies all lie in a narrow region of the CM 
diagram, with a mean colour (B — R)= 1.38 ± 0.08 and Ks mag- 
nitudes below Kg (excluding IRAS 03152-4427, which has a mag- 
nitude of order of -Kg). 

3.4 Radial distribution of sub-mm emission 

Several studies have revealed the presence of trends in the star- 
formation activity of cluster galaxies with respect to the cluster- 
centric radius. This is usually interpreted as a combination of en- 
vironmental effects that trigger star-formation episodes in galaxies 
infalling on the cluster from the field. Investigating the radial distri- 
bution of sub-mm emission from cluster members can help in better 
understanding how the environment affects cluster galaxies and to 
what extent these effects are detected at FIR wavelengths. 

We thus divide our spectroscopic catalogue of 146 cluster 
members into radial bins centered on the BCG, whose position is 
coincident with the dynamical centre of the cluster. We define the 
bins so that each contains similar numbers of objects to ensure ho- 
mogeneous stacking statistics. We find that 25 galaxies per bin is a 
good compromise between number of bins (6) and S/N ratio. 

The radial plot of the mean stacked flux density (see Fig. [6} 
shows two significant (~ 4<j) peaks at 250 \im. The outermost of 
these peaks is detected at about 1.5i?200, i.e. outside the gravita- 
tional radius of the cluster (this region is only covered by the shal- 
lower part of the BLAST map and thus the stacking results are quite 
noisy). This is expected, since at radii >i?20o the infall of galaxies 
from the field is expected to be most noti ceable, and thus an in- 
crease in the mean SFR is expected (e.g. lBaloghetal.ll 19991) . This 
signal drops at longer wavelengths. 

A second peak is detected closer to the cluster core, around 
0.6i?2oo- To investigate whether this peak is genuinely due to the 
presence of the cluster, we use the same method and stack the 
BLAST-BGS map (Devlin et al. 2009) on simulated catalogues. 
Since the BGS is a blank field, we can use it to assess the prob- 
ability of random occurrence of a radial peak with the same sig- 



nificance as detected in A3112. We thus generate 10000 sets of 
146 positions, randomly distributed around a centre and on an area 
equivalent to the map of A31 12, stack the BGS map on each, look 
for the presence of a radial peak and calculate its deviation from the 
mean of the radial profile. To test if the presence of a cluster affects 
the outcome of the stacking analysis, we also simulate 10000 cata- 
logues of 146 normally distributed positions over the same area (we 
use the value of -R500 found for A31 12 as the standard deviation of 
the distribution, to roughly reproduce a density profile consistent 
with the presence of a cluster). We find that the probability of ran- 
dom occurrence of a peak as significant as that detected in A3 1 12 is 
less than 10~ J in all cases. Limiting this analysis to the BGS-Deep 
or BGS-Wide maps also yields similar results. 

To check independently the significance of this peak, we also 
compare the stacked values with two radial profiles: a flat profile 
with value equal to the mean of the stacked values and a Gaussian- 
shaped profile which we assume as a representation of the peak. A 
Kolmogorov-Smirnov (KS) test shows that the flat profile is ruled 
out with a rejection probability of 0.9996, while a peaked profile 
is accepted with very high probability (rejection of 9 x 10 -4 ). We 
also test the same profiles by stacking in smaller radial bins (12-20 
objects per bin); although the data are noisier due to lower statistics, 
the flat profile is still ruled out while the peaked profile provides a 
good fit. 

We also notice that the cluster members matching the position 
of 250 |j.m-detected sources mostly lie at the distance of the inner 
radial peak. These galaxies do not appear to be clustered among 
themselves, being instead randomly distributed azimuthally. In or- 
der to evaluate whether the peak is entirely due to the presence 
of these galaxies, we stack our catalogue after removing them. 
Although the peak shows a lower deviation from the mean value 
(~ 2a), a flat profile again has a low probability of being a good 
representation of the data (although with a lower rejection proba- 
bility of 0.3). A peaked profile has again a very low rejection prob- 
ability (1.3 x 10 ), thus providing a robust representation of the 
data. 

The same analysis on the 350 and 500 p.m data shows no sig- 
nificant peak at the same position, although cluster members from 
the innermost bin show on average a non-zero mean flux density. 
The significance of this signal is nevertheless low (~ 1.5a). 

To ensure that no selection effect in the input catalogue is bi- 
asing this result, we also investigate the (B — R) colour of galaxies 
in each bin. We find that all radial bins (but the innermost) are pop- 
ulated by a mix of red-sequence and blue galaxies, thus assuring 
that the peak is not due to undersampling of blue (i.e. star-forming) 
galaxies at radii of the order of Jfeoo- The number of blue galaxies 
is indeed the same (4—5) in all radial bins. 

3.5 Sub-mm emission across the luminosity function 

We can also stack maps on the spectroscopic catalogue of clus- 
ter members after dividing into bins of absolute Ks magnitude, 
to study how the sub-mm BLAST flux is distributed across the 
cluster luminosity/mass function. Although the available data do 
not allow us to probe the dwarf population of cluster members, 
they cover three full magnitudes in the Ks band, enough to reach 
intermediate-luminosity galaxies down to Ks+2. As in the case 
of radial stacking, we define magnitude bins containing a constant 
number of objects (25) for homogeneous stacking statistics. 

The result of stacking on magnitude is shown in Figure [7] A 
noticeable peak around magnitudes fainter than A'g is immediately 
evident, with the largest part of the BLAST 250-|J.m emission orig- 
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Table 3. Results of stacking for the three colour-selected catalogs. Fluxes are in mJy; SFR in Mq yr 



Catalogue 


S250 


5S250 


S350 


<5S350 


S500 


5S500 


SFR 


Blue 


29 


6 


9 


5 


4 


3 


1.7 


RS 


6 


3 


4 


2 


2 


1 


0.2 


Red 


4 


5 





4 


6 


3 


0.1 


RS + Red 


5 


3 


3 


2 


2 


1 


0.2 




2.0 




2.0 







Figure 6. Stacked BLAST flux of cluster members in bins of different cluster-centric radius (1<t error bars). The left panels show the result of stacking the 
BLAST maps on all cluster members. The right panels show the stacking after removal of cluster members individually detected at sub-mm wavelengths. Top 
row: stacking of 250 i^rn map. Middle row: stacking of 350 |^m map. Bottom row: stacking of 500 (j.m map. A significant increase in the mean sub-mm flux 
density is detected around O.6.R200 at 250 \im, along with another increase beyond R.200- 
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inating from galaxies with Ks absolute magnitudes brighter than 
-21, i.e. around Ag + 1. The stacked flux then decreases beyond 
Kg, i.e. towards the giant ellipticals. Given the robust correlation 
between Ks magnitude and stellar mass, we identify these systems 
as having stellar masses of order of a few times 10 9 M . Removing 
the BLAST-detected sources shows that a larger number of galax- 
ies contributes to this signal. Stacking the 350 [im map shows a less 
strong signal, although the transition across Ag is still noticeable. 
Removal of the BLAST counterparts does not change the plot sig- 
nificantly. At 500 pm, the mean flux density is consistent with zero 
at every magnitude. 



4 DISCUSSION 

The combination of optical and sub-mm photometry with statis- 
tical results from stacking analyses provides insight into the star- 
formation activity of galaxies in A3 112. 

We statistically detect the mean sub-mm emission from cluster 
members, which we quantify as 16.6±2.5, 6.1±1.9, and 1.5±1.3 
mjy at 250, 350, and 500 pm, respectively. These numbers can 
provide a reference for future, deeper sub-mm observations of 
other galaxy clusters. The mean SED and SFR derived from the 
stacking shows that A3 112 has a total SFR density of 12.4 ± 
3.4 Mq yr 'VflO^MQ). Thi s is in good agreeme nt with previ- 
ous results jGeach et alj|200d lHaines et al .1 12009b) and suggests 
that sub-mm data can help in reducing the scatter in measurements 
of the evolution of SFR vs. redshift for galaxy clusters. 

The results from cluster-centric radial stacking show that 
a large fraction of the total star-formation activity in the clus- 
ter is taking place at specific cluster-centric distances. At radii 
beyond -R200, a large amount of signal is detected, preferen- 
tially at 250 pm. Previous optical studies of star-formation activ- 
ity in clusters have shown the presence of radial trends in the 
relative proportions of star-forming and passive galaxies, across 



mas s scales covering the full range from groups to s uperclusters 
Balogh et alJl999l:|Porter. Ravchaudhurvl ( B007h ; |Porter et al.l 



120081 ; IWilman et alj|2008l ; iBraglia et alj|2009h . It is now well es- 
tablished that at distances of order of -R200, the SFRs of in- 
falling galaxies can experience a more or less prolonged period 
of enhanced activity, mainly due to environmental effects. This 
is also consist e nt wit h the statistical analysis of BLAST sources 
of I Viero et al. I fe009l) . who detect a spatial correlation length of 
4.9±0.7 Mpc for 250 pm sources. This loosely corresponds to 
about 2i?20o for A3 11 2, consistent with the distance of the out- 
ermost radial bin in our analysis. The detected signal is thus well 
explained within the general picture of galaxy infall on to clusters. 

In addition, at around O.6-R200 a significant enhancement in 
the star-formation is detected at BLAST wavelengths. This ra- 
dius roughly corresponds to Rsoo ^Sanderson et al.|[2003h . i.e. the 
boundary between the infall region and the virialized cluster core. 
The recent investigations of galaxy clusters with Spitzer have 
shown that the radial trends detected at optical wavelengths in fact 
extend deeper into the cluster core, both in filamentary structures 
(Faddaetal. 200 §) and in the infall region s between R200 and 
fcnn (iBai et al.ll2007l; ISaintonge et alJbOQSl : lHaines et al] 12009 j ; 
lHaines et al] l2009bl : iTran et al]|2009h In all cases, a global de- 
crease of the fraction of mid-IR luminous galaxies is seen towards 
the innermost regions of clusters, which is usually interpreted in 
terms of gradual quenching by environmental effects due to inter- 
action with other cluster members and with the diffuse intra-cluster 
gas. Our observations in the sub-mm confirm this picture also, at 



wavelengths which sample a region close to the FIR peak of the 
cold dust which is heated directly by the UV radiation of O and B 
stars. Although a large fraction of the sub-mm emission detected 
is clearly due to the cluster members individually detected at sub- 
mm wavelengths, we see evidence from stacking of a larger popu- 
lation of galaxies whose sub-mm emission is statistically detected 
at around R500 • This suggests that on average, cluster galaxies are 
expected to show an overall enhanced star-formation level at this 
distance. 

The distribution of mean sub-mm emission with respect to 
galaxy A's magnitude shows that a significant fraction of star- 
formation is carried by systems with Ks<Kg, i.e. by intermediate 
mass galaxies. The mean sub-mm flux density is seen to increase 
towards more luminous A'g magnitudes, until a noticeable drop at 
the brightest magnitudes (as expected for pa ssively evolving ellipt i- 
cals). This agrees with previous results (e.g. lPierini. Molten d2003h ) 
and shows that a large part of the star-formation activity is taking 
place in intermediate systems. 

Analysis of individual sources as well as stacking against 
colour criteria allows us to assess the nature of the cluster members 
detected by BLAST. Excluding the single galaxy IRAS 03152- 
4427, which is identified as a LIRG with a relatively high tem- 
perature of 23.4 K and a total SFR of 39 M yr~\ both the 
SEDs of individual sources and the stacked SED show that typi- 
cal star-forming galaxies in A3 112 are not undergoing strong star- 
formation activity, but instead are identified as normal star-forming 
galaxies with total SFRs of a few (< 10) M© yr _1 , FIR lumi- 
nosities of order of 10 10 L0 and temperatures below 20 K. Their 
total dust mass is of order 10 8 Mq, typical of large spirals. Op- 
tical classification of these galaxies reveals them to be massive 
(Mstar ~ [5 — 10] x 10 9 M Q ), disc-like galaxies with relatively 
red colours. The colour-magnitude diagram reveals that they all lie 
in a narrow colour strip with (B — R) = 1.38 ± 0.08, i.e. at an in- 
terface region between the population of star-forming galaxies and 
the old passively-evolving galaxies in the RS. The population of 
galaxies with (B — R) colour redder than the RS is revealed to be 
composed of quiescent galaxies, whose redder colour is probably 
due to geometrical properties rather than to increased levels of dust. 



5 CONCLUSIONS AND SUMMARY 

We have been able to provide a description of the star-formation 
activity of member galaxies in a cluster at sub-mm wavelengths, 
as observed by the BLAST experiment. A combination of stacking 
analyses based on cluster-centric distance, galaxy magnitude and 
colour allowed us to identify correlations between optical proper- 
ties of cluster galaxies and their FIR emission. 

Studying the sub-mm SEDs of cluster members identifies 
BLAST-detected cluster members mostly as normal star-forming 
galaxies. Their optical colours and A's magnitude identify them as 
massive early-type galaxies in an advanced stage of evolution. The 
BCG is found to have low dust content, its mid-IR emission possi- 
bly due to the central AGN. 

Together with an expected increase of the SFR in the cluster 
outskirts, we find a significant increase in the 250 pm flux density 
at distances around -R500, i.e. further inside the cluster with respect 
to the infall region. The increase peaks to values 3-4 times as large 
as in the inner regions of the cluster. This confirms previous stud- 
ies in the mid-IR that show large fractions of star-forming galaxies 
closer to the dense cores of galaxy clusters. The combined results 
of our analysis show that the cluster members identified at sub-mm 
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Figure 7. Stacked flux density of cluster members in bins of absolute Kg magnitude. Left panels include all cluster members; right panels exclude the 
individual sources. The dashed line marks the position of the characteristic magnitude Kg. Top row: stacking of 250 urn map. Middle row: stacking of 
350 ]xm map. Bottom row: stacking of 500 |xm map. 



wavelengths can be part of a population of evolved systems on the 
verge of transition from the population of blue active galaxies to 
the quenched systems (ellipticals and SOs) dominating the cluster 
cores, and suggests that environmental effects at distances of order 
of i?5oo play a role regulating star-formation activity during this 
transition. 

Deeper and more complete studies of galaxy clusters at far-IR 
and sub-mm wavelengths with Herschel and SCUB A-2 should pro- 
vide more complete coverage of the physical processes at work in 



cluster galaxies. In particular, combining the higher sensitivity and 
resolution of SPIRE and the spectral coverage offered by parallel 
observations with PACS and SPIRE will allow for the detection 
and characterization of cluster galaxies down to smaller luminosi- 
ties and masses, providing a more complete description of the star- 
formation activity in galaxy clusters. 
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APPENDIX A: CATALOGUES OF BLAST SOURCES 

Here we present the full catalogue of all BLAST sources detected 
in the central 0.8 deg 2 of the A31 12 field at 250, 350, or 500 \im, 
with a significance of at least 3<j. For each source, its position, flux 
density and errors are provided. Where flux densities are provided 
in more than one band, the quoted position is the averaged position 
of the matched sources (cf. Section l2~Tt . An asterisk (*) following 
the BLAST ID means the source is identified as a counterpart of a 
cluster member. 
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Table Al. BLAST catalogue of objects in the field of A31 12. Flux densities and errors are given in Jy. 



BLAST ID R.A. Dec. S250 <5S250 S350 5S350 S500 <5Ssoo 



1 


BLAST J03 1700-44 1605* 


49.250954 


-44.268158 


0.665 


0.029 


0.245 


0.022 


0.079 


0.016 


2 


BLAST J031844-441044* 


49.686970 


-44.179085 


0.195 


0.028 


0.106 


0.021 


0.063 


0.016 


3 


BLAST J031829-441 138* 


49.622036 


-44.193897 


0.181 


0.028 


0.090 


0.021 


0.054 


0.015 


4 


BLAST J031746-442706 


49.443359 


-44.451836 


0.188 


0.030 


_ 


_ 


_ 


_ 


5 


BLAST J031733-440535 


49.388805 


-44.093178 


0.173 


0.028 


0.072 


0.022 


_ 


_ 


6 


BLAST J03 1803-440636 


49.514664 


-44.110165 


0.167 


0.028 


0.096 


0.022 


_ 


_ 


7 


BLAST J031754-441546 


49.478020 


-44.262951 


0.159 


0.027 


_ 


— 


_ 


_ 


8 


BLAST J031930-441512* 


49.877411 


-44.253513 


0.195 


0.034 


_ 


_ 


_ 


_ 


9 


BLAST J031636-441359 


49.153713 


-44.233124 


0.176 


0.032 


0.189 


0.025 


_ 


_ 


10 


BLAST J031913-441933 


49.804504 


-44.325981 


0.160 


0.030 


_ 


_ 


_ 


_ 


11 


BLAST J03 1744-442215 


49.434784 


-44.370972 


0.150 


0.028 


0.064 


0.021 


_ 


_ 


12 


BLAST J031909-442124 


49.788578 


-44.356796 


0.164 


0.031 


_ 


_ 


_ 


_ 


13 


BLAST J03 1724-442430 


49.350231 


-44.408504 


0.155 


0.030 


0.085 


0.023 


0.081 


0.016 


14 


BLAST J03 1807-440749 


49.531059 


-44.130466 


0.147 


0.029 


— 


— 


0.073 


0.016 


15 


BLAST J03 1808-440826 


49.535786 


-44.140617 


0.134 


0.028 


— 


— 


— 


— 


16 


BLAST J03 1748-442626 


49.451027 


-44.440712 


0.135 


0.029 


_ 


_ 


_ 


_ 


17 


BLAST J03 1832-440525 


49.636398 


-44.090477 


0.143 


0.031 


_ 


_ 


_ 


_ 


18 


BLAST J031622-441434 


49.094093 


-44.242931 


0.153 


0.034 


_ 


_ 


_ 


_ 


19 


BLAST J031738-441516 


49.409340 


-44.254459 


0.123 


0.027 


0.089 


0.021 


_ 


_ 


20 


BLAST J031910-441722 


49.793259 


-44.289524 


0.130 


0.029 


0.081 


0.021 


_ 


_ 


21 


BLAST J03 1848-442637 


49.703758 


-44.443665 


0.138 


0.032 


— 


— 


0.056 


0.016 


22 


BLAST J031759-441635 


49.497219 


-44.276615 


0.116 


0.027 


— 


— 


— 


— 


23 


BLAST J03 1809-442005 


49.540203 


-44.334846 


0.117 


0.027 


— 


— 


— 


— 


24 


BLAST J031725-442418 


49.354214 


-44.405098 


0.124 


0.029 


0.085 


0.023 


0.081 


0.016 


25 


BLAST J031931-441042 


49.880802 


-44.178509 


0.151 


0.035 


_ 


_ 


_ 


— 


26 


BLAST J03 1706-440045 


49.277191 


-44.012756 


0.156 


0.037 


_ 


_ 


_ 


_ 


27 


BLAST J03 1839-441435 


49.663799 


-44.243259 


0.113 


0.027 


_ 


_ 


_ 


_ 


28 


BLAST J03 1836-441 845 


49.652893 


-44.312534 


0.116 


0.028 


_ 


_ 


_ 


_ 


29 


BLAST J03 172 1-440854* 


49.338924 


-44.148361 


0.114 


0.028 


0.113 


0.021 


0.063 


0.015 


30 


BLAST J03 1829-443201 


49.624168 


-44.533665 


0.142 


0.037 


— 


_ 


0.080 


0.020 


31 


BLAST J031617-442055 


49.074127 


-44.348713 


0.139 


0.036 


— 


— 


— 


— 


32 


BLAST J031736-441816 


49.400284 


-44.304531 


0.106 


0.028 


— 


— 


0.053 


0.015 


33 


BLAST J031603-440944 


49.013168 


-44.162308 


0.144 


0.038 


— 


— 


— 


— 


34 


BLAST J031811-440653 


49.549908 


-44.114780 


0.107 


0.029 


0.077 


0.022 


_ 


_ 


35 


BLAST J031809-441006 


49.539707 


-44.168358 


0.102 


0.028 


_ 


_ 


_ 


_ 


36 


BLAST J03 1727-441253 


49.365360 


-44.214848 


0.101 


0.027 


0.081 


0.021 


0.051 


0.015 


37 


BLAST J03 170 1-442040 


49.256489 


-44.344566 


0.110 


0.030 


0.074 


0.022 


_ 


_ 


38 


BLAST J031612-440434 


49.052586 


-44.076244 


0.144 


0.039 


_ 


_ 


_ 


_ 


39 


BLAST J031748-441006 


49.450603 


-44.168423 


0.101 


0.028 


_ 


_ 


_ 


_ 


40 


BLAST J031718-441249 


49.325611 


-44.213844 


0.103 


0.028 


_ 


— 


0.050 


0.016 


41 


BLAST J031838-440315 


49.659569 


-44.054287 


0.129 


0.036 


_ 


_ 


_ 


_ 


42 


BLAST J031800-441746 


49.501591 


-44.296204 


0.100 


0.028 


_ 


_ 


_ 


_ 


43 


BLAST J031813-441916 


49.555611 


-44.321163 


0.099 


0.027 


_ 


_ 


_ 


_ 


44 


BLAST J03 1624-440904 


49.101841 


-44.151276 


0.119 


0.033 


_ 


_ 


_ 


_ 


45 


BLAST J031638-442455 


49.159283 


-44.415443 


0.126 


0.035 


_ 


— 


_ 


_ 


46 


BLAST J03 1646-442005 


49.194519 


-44.334904 


0.113 


0.031 


- 


- 


- 


- 


47 


BLAST J03 1 828-440756 


49.6171 1 1 


-44.132259 


0.104 


0.029 










48 


BLAST J03 1647-442035 


49.198395 


.44.343300 


0.109 


0.031 










49 


BLAST J031843-441524 


49.683205 


-44.256943 


0.094 


0.027 










50 


BLAST J031923-441033 


49.849792 


-44.175926 


0.118 


0.034 










51 


BLAST J031820-441704 


49.584362 


-44.284637 


0.095 


0.027 


0.065 


0.020 


0.062 


0.015 


52 


BLAST J03 174 1-442653 


49.422668 


-44.448124 


0.103 


0.030 


0.072 


0.023 






53 


BLAST J03 165 1-442635 


49.213417 


-44.443069 


0.116 


0.034 










54 


BLAST J031749-443116 


49.454605 


-44.521275 


0.130 


0.038 










55 


BLAST J03 1747-442949 


49.448418 


-44.497074 


0.116 


0.034 






0.068 


0.019 


56 


BLAST J031729-441852 


49.374840 


-44.314663 


0.095 


0.028 






0.048 


0.015 


57 


BLAST J03 1846-443014 


49.692703 


-44.503994 


0.116 


0.034 










58 


BLAST J031714-442625 


49.310863 


-44.440376 


0.103 


0.031 










59 


BLAST J031822-443140 


49.594753 


-44.527863 


0.121 


0.036 


0.100 


0.028 


0.082 


0.021 


60 


BLAST J031957-441030 


49.990860 


-44.175240 


0.151 


0.046 


0.109 


0.031 
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BLAST ID 


R.A. 


Dec. 


S250 


<5S250 


S350 


<5S350 


S500 


5S500 


61 


BLAST J03 1928-44 1408 


49.869518 


-44.235584 


0.109 


0.033 






0.066 


0.018 


62 


BLAST J031956-442214 


49.986340 


-44.370731 


0.139 


0.042 


0.116 


0.031 






63 


BLAST J031620-441125 


49.086700 


-44.190289 


0.113 


0.034 










64 


BLAST J031833-443016 


49.638016 


-44.504459 


0.108 


0.033 










65 


BLAST J031641-441235 


49.173447 


-44.209835 


0.098 


0.030 


0.081 


0.024 






66 


BLAST J031648-441226 


49.202332 


-44.207226 


0.096 


0.030 










67 


BLAST J03 1929-44 123 3 


49.872932 


-44.209209 


0.107 


0.033 










68 


BLAST J032001-442453 


50.005367 


-44.414837 


0.144 


0.045 


0.124 


0.034 






69 


BLAST J031815-441346 


49.563393 


-44.229546 


0.087 


0.027 










70 


BLAST J031741-442426 


49.423683 


-44.407402 


0.091 


0.028 










71 


BLAST J031617-442326 


49.073780 


-44.390808 


0.122 


0.038 


0.095 


0.031 






72 


BLAST J03 1656-442546 


49.236767 


-44.429703 


0.102 


0.032 










73 


BLAST J031728-443216 


49.369152 


-44.537811 


0.145 


0.046 










74 


BLAST J03 1726-442245 


49.361435 


-44.379398 


0.089 


0.028 










75 


BLAST J031910-441755 


49.794270 


-44.298737 


0.093 


0.030 


0.081 


0.021 






76 


BLAST J031727-443016 


49.365112 


-44.504692 


0.112 


0.036 










77 


BLAST J031810-442824 


49.545727 


-44.473553 


0.097 


0.031 


0.100 


0.024 


0.071 


0.017 


78 


BLAST J03 1734-435956 


49.392559 


-43.998978 


0.112 


0.036 










79 


BLAST J031646-440613 


49.193642 


-44.103729 


0.097 


0.031 






0.064 


0.017 


80 


BLAST J031644-440134 


49.184139 


-44.026257 


0.117 


0.038 










81 


BLAST J031811-441106 


49.547829 


-44.185001 


0.084 


0.027 










82 


BLAST J03 182 1-440246 


49.589890 


-44.046158 


0.106 


0.035 










83 


BLAST J031723-442146 


49.345963 


-44.362816 


0.088 


0.029 










84 


BLAST J03 1706-4427 16 


49.275578 


-44.454510 


0.097 


0.032 










85 


BLAST J03 1852-442425 


49.719086 


-44.407166 


0.091 


0.030 










86 


BLAST J03 19 1 1 -442903 


49.797077 


-44.484322 


0.112 


0.037 










87 


BLAST J031758-441552 


49.493469 


-44.264530 






0.151 


0.021 


0.120 


0.015 


88 


BLAST J031628-441804 


49.116924 


-44.301365 






0.126 


0.025 






89 


BLAST J03 1855-442636 


49.729778 


-44.443413 






0.116 


0.024 


0.063 


0.017 


90 


BLAST J03 1749-442706 


49.454880 


-44.451839 






0.100 


0.022 






91 


BLAST J031810-442136 


49.543903 


-44.360073 






0.093 


0.021 






92 


BLAST J03 1847-442721 


49.697227 


-44.455936 






0.106 


0.024 


0.056 


0.016 


93 


BLAST J03 1934-4428 19 


49.893593 


-44.472050 






0.138 


0.031 


0.102 


0.022 


94 


BLAST J031857-442535 


49.738525 


-44.426403 






0.105 


0.024 






95 


BLAST J03 1932-442942 


49.887066 


-44.495174 






0.134 


0.032 






96 


BLAST J03 1907-440404 


49.783142 


-44.067883 






0.127 


0.031 






97 


BLAST J03 1949-44205 1 


49.955830 


-44.347607 






0.117 


0.029 






98 


BLAST J031850-443115 


49.711781 


-44.520863 






0.113 


0.028 






99 


BLAST J03 1749-440636 


49.454380 


-44.110088 






0.084 


0.021 






100 


BLAST J031952-442101 


49.967468 


-44.350323 






0.117 


0.030 






101 


BLAST J03 1622-442544 


49.093040 


-44.429081 






0.120 


0.032 






102 


BLAST J03 1745-440325 


49.439098 


-44.057167 






0.084 


0.023 


0.067 


0.017 


103 


BLAST J031900-441744 


49.753716 


-44.295624 






0.076 


0.021 






104 


BLAST J031616-440504 


49.067604 


-44.084553 






0.113 


0.031 






105 


BLAST J03 1753-442706 


49.474316 


-44.451923 






0.081 


0.022 






106 


BLAST J031715-441746 


49.315022 


-44.296326 






0.081 


0.022 






107 


BLAST J031814-442046 


49.559368 


-44.346241 






0.074 


0.020 






108 


BLAST J031716-442036 


49.318947 


-44.343410 


- 


- 


0.076 


0.021 


- 


- 


109 


BLAST J031602-442153 


49.011986 


-44.364788 






0.128 


0.036 






110 


BLAST J031601-441624 


49.004501 


-44.273369 






0.107 


0.031 






111 


BLAST J03 1908-440524 


49.787071 


-44.090057 






0.101 


0.029 






112 


BLAST J031703-441935 


49.264328 


-44.326649 






0.076 


0.022 






113 


BLAST J031857-442314 


49.738480 


-44.387379 






0.076 


0.023 






114 


BLAST J03 1702-442235 


49.260326 


-44.376656 






0.076 


0.023 






115 


BLAST J031617-440954 


49.074883 


-44.165115 






0.094 


0.028 






116 


BLAST J031710-441935 


49.295662 


-44.326645 






0.072 


0.022 






117 


BLAST J031609-441544 


49.039661 


-44.262333 






0.093 


0.028 






118 


BLAST J031817-442908 


49.573868 


-44.485615 






0.078 


0.024 


0.051 


0.017 


119 


BLAST J03 1723-442639 


49.349129 


-44.444225 






0.075 


0.023 


0.107 


0.017 


120 


BLAST J03 18 12-443015 


49.552429 


-44.504337 






0.083 


0.026 







BLAST observations of A3 112 17 



Table Al - continued 





BLAST ID 


R.A. 


Dec. 


S250 


<5S250 


S350 


<5S350 


S500 


5S500 


121 


BLAST J031638-440935 


49.160873 


-44.159855 






0.077 


0.024 


0.058 


0.017 


122 


BLAST J031900-442324 


49.753998 


-44.390053 






0.073 


0.023 






123 


BLAST J03 1803-4400 16 


49.516430 


-44.004478 






0.095 


0.030 






124 


BLAST J03 17 10-440235 


49.292267 


-44.043304 






0.082 


0.026 






125 


BLAST J03 1724-442630 


49.350056 


-44.441772 






0.072 


0.023 


0.107 


0.017 


126 


BLAST J031628-441405 


49.117367 


-44.234879 






0.080 


0.026 






127 


BLAST J031715-440546 


49.315403 


-44.096146 






0.069 


0.022 






128 


BLAST J03 1658-440235 


49.241894 


-44.043251 






0.084 


0.027 






129 


BLAST J03 1709-44 1846 


49.287838 


-44.312916 






0.069 


0.022 






130 


BLAST J031745-440126 


49.43901 1 


-44.024052 






0.080 


0.026 






131 


BLAST J031842-440105 


49.678516 


-44.018135 






0.100 


0.033 






132 


BLAST J03 1638-440755 


49.160263 


-44.132133 






0.076 


0.025 






133 


BLAST J03 1808-442435 


49.536400 


-44.409927 






0.065 


0.021 






134 


BLAST J03 1 808-442206 


49.536304 


-44.368374 










0.076 


0.015 


135 


BLAST J03 1930-440953 


49.876564 


-44.164803 










0.098 


0.020 


136 


BLAST J03 1803-442546 


49.513176 


-44.429489 










0.074 


0.016 


137 


BLAST J03 1 842-4409 1 5 


49.679161 


-44.154236 










0.066 


0.015 


138 


BLAST J031849-441745 


49.706905 


-44.295883 










0.062 


0.015 


139 


BLAST J03 1622-440804 


49.094616 


-44.134716 










0.081 


0.019 


140 


BLAST J031837-440215 


49.655258 


-44.037655 










0.083 


0.020 


141 


BLAST J031937-441922 


49.905136 


-44.322906 










0.075 


0.018 


142 


BLAST J03 1843-44 1005 


49.679306 


-44.168129 










0.063 


0.016 


143 


BLAST J031801-441936 


49.505383 


-44.326775 










0.058 


0.015 


144 


BLAST J031827-443115 


49.614597 


-44.521065 










0.080 


0.020 


145 


BLAST J03 1707-44 1306 


49.280128 


-44.218430 










0.061 


0.016 


146 


BLAST J03 1629-442535 


49.124157 


-44.426395 










0.075 


0.021 


147 


BLAST J031949-441701 


49.955261 


-44.283859 










0.067 


0.020 


148 


BLAST J031711-441005 


49.299713 


-44.168232 










0.051 


0.015 


149 


BLAST J03 162 1-44 18 14 


49.089920 


-44.304119 










0.062 


0.019 


150 


BLAST J03 1907-442434 


49.781464 


-44.409515 










0.056 


0.018 


151 


BLAST J03 1702-442935 


49.260075 


-44.493210 










0.069 


0.022 


152 


BLAST J03 1926-442422 


49.859295 


-44.406387 










0.057 


0.019 


153 


BLAST J03 1906-441 3 14 


49.776176 


-44.220661 










0.048 


0.016 



